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(54) Protective glazing laminate 



(57) Disclosed is a fire-protection and safety glazing 
laminate iiaving a haze value less than 4 percent com- 
prising 

(A) a plurality of high modulus layers laminated with 

(B) at least one fluoropolymer resin layer 

wherein (B) resides between (A), 
wherein the high modulus layers comprise glass, 
polycarbonate or polyurethane, 

wherein the fluoropolymer resin, layer has a matte 



finish surface, an embossed finish surface or a combi- 
nation thereof, 

wherein the fluoropolymer resin layer is exposed 
to a corona treatment In an organic gas atmosphere and 

wherein the high modulus layers are adhered to 
the fluoropolymer resin layer through a pressure and 
heat lamination. 
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Description 

Field of the Invention 

[0001 J The present invention relates to a fire protec- 
tion and safety glazing laminate including high modulus 
layers and fluoropolymer resin layers wherein the fluor- 
opolymer resin layer resides between the high modulus 
layers. The fluoropolymer resin layer is surface treated 
and corona treated in an organic gas atmosphere such 
that the fluoropolymer resin layer adheres to the high 
modulus layers without benefit of adhesive or other tie 
layers. 

Bacicground of the Invention 

[0002] Protective glazing laminates are used in many 
interior and exterior building applications. Protective 
laminates are usually constructed with at least one pol- 
ymeric interlayer film sandwiched between at least two 
structural supports made of mineral or polymer glass or 
polymeric substrates. Currently a variety of materials 
are used for different applications. Those interlayer ma- 
terials may include polyvinyl bulyral (PVB), ethylene vi- 
nyl acetate copolymers (EVA), polycarbonate (PC), ion- 
onerlc resins, metallocene polyethylene m-LLDPEand/ 
orfluoropolymers. The films are usually laminated to the 
substrate through heat and pressure. In addition, many 
materials require an adhesion primer, either incorporat- 
ed into the film formulation as an additive or coated on 
the surface substrates. In many cases the films are also 
given a raised pattern on their surface to improve lami- 
nation through a better air removal process, prior to 
bonding the polymer layer to the substrate. 
[0003] in applications where fire resistance is a re- 
quirement, it is necessary to choose an interlayer ma- 
terial that will retain its structure at high temperatures 
and not degrade to potentially hamnful fumes when 
burned. Another function of the adhesive interlayer is to 
prevent the structure from losing glass debris, after the 
laminate has been exposed to the high heat of fire. Very 
few materials, besides fluoropolyroers, will be able to 
meet this criteria. Due to its highly electronegative struc- 
ture and its high surface energy, fluoropolymers do not 
bond well to other materials. When using fluoropolymers 
it is necessary to use an effective priming step to in- 
crease the bondability of the material to the glass sub- 
strate. The priming step can tend to be messy, time con- 
suming and may decrease the fire resistance of the in- 
terlayer materials, due to the organic nature of most of 
the primers. 

[0004] Surface (corona) treatment of materials is a 
common method to improve adhesion to typical sub- 
strates. In the case of fluoropolymer resin layers, how- 
ever, the treatment will only last in the range of minutes 
to hours. Corona treatment using an organic atmos- 
phere, hereinafter, C-Treatment (where the C refers to 
the Cementability of the film after treatment), has been 



proven to give superior adhesion to substrates that will 
last an extended time, on the order of months to years. 
The C-Treatment of fluoropolymer resin layers will en- 
hance their adhesion to glass, however, the adhesion 
s may not be not strong enough to pass the rigorous Im- 
pact tests specified by the building industry for safety 
and fire protective glazing. 

[0005] U. S, Patent No. 5.230,954 (Sakamoto et al.. 
July 27, 1993) relates to a fire protective glass panel for 

f use in a fire protective window, door and partition wall, 
which comprises at least one sheet of fireproof glass 
plate and a fluorocariaon resin film of a chain molecular 
structu re ty pe bon ded to a side su rf ace of the g lass plate 
and which has non-shattering property as well as firs 

15 protection property wherein the fireproof glass plate is 
a heat-resistant and light transparent crystallized glass 
plate or, alternatively, the fireproof glass plate is a wire 
glass plate and the fluorocarbon resin film has a thick- 
ness of 0.02-1 mm and is made of one of FEP, PFA, 

20 PCTFE, ETFE and PVDF 

[0006] U. S. Patent No. 5,529,655 (Bravet et al., June 
25, 1 996) relates to a laminated safety pane, comprising 
a monolithic or laminated substrate of glass and/or of 
plastics material and a sheet of plastics material com- 

25 prising at least one external polyurethane film providing 
desirable surface properties. According to the refer- 
ence, the pane is. provided, on at least one zone of the 
polyurethane film, with a gluing prefllm compatible with 
a film of adhesive deposited later, this prefllm being de- 

30 posited after an electrical treatment applied to at least 
the zone of the polyurethane film which is to receive the 
prefllm, this electrical treatment being chosen from 
among the treatments of the corona discharge type. 
[0007] U. S. Patent No. 5,624,761 (Sakamoto et al., 

35 April 29, 1 997) is directed to a fire-protection and safety 
composite glass panel that includes a fireproof glass 
plate and a film of fluorocarbon resin of a chain molec- 
ular structure type. The film is bonded onto one of op- 
posite side surfaces of the fireproof glass plate by the 

40 thermo-compression bonding. The fluorocarbon resin is 
a copolymerof at least three kinds of monomers. It may 
be arranged that another film of the fluorocarbon resin 
is further bonded onto the other side surface of the fire- 
proof glass plate by the thenno-compression bonding. 

45 Another glass panel may be an-anged that a plurality of 
fireproof glass plates are attached with a film of the fore- 
going fluorocartjon resin interposed between adjacent 
glass plates through the thenno-compression bonding. 
Those glass panels can be used as glass plates in fire 

50 protective windows and doors. 

[0008] U. S. Patent No. 5,908,704 (Friedman et al., 
June 1, 1999) relates to optical and firescreening pro- 
tective glazing laminates comprising fluoropolymer in- 
terlayer films The films and their laminates comprise 

55 THV and blends of THV with FEP, ECTFE or ECCTFE 
and modified with additives, such as coupling agents, 
pigment or color concentrates, and IR- or UV- light 
blockers, and may be subjected to a surface corona 
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treatment. The films also may incorporate a fiber mesh 
for additional reinforcement. 

[0009] U. S. Patent No. 5.972,1 76 (Kirk et al., October 
26, 1 999) describes a process for corona treating a pol- 
ymer. The process involves exposing at least one sur- 
face of an article comprising a poiymeric material select- 
ed from the group consisting of fluoropolymers, polycar- 
bonates, and polyimides to a corona discharge in an at- 
mosphere containing nitrogen and about 0.01 to about 
10 percent of an additional gas selected from the group 
consisting of hydrogen, ammonia and mixtures thereof. 
[0010] U. S. Patent No. 6,042,928 (Suzuki et a!., 
March 28, 2000) describes a fluorocarbon resin sheet 
having a fluorine content of at least 55 percent and a 
melting point of from 60 to 220*0., made solely of a pol- 
ymer comprising at least one fluorine-containing mono- 
mer, or made of a blend of such a polymer with other 
polymer, which has a total light transmittance of at least 
80% and a tensile modulus of elasticity within a range 
of from 1x10^ to 4x1 0^ Pa within an entire measuring 
temperature range of from 0 to SO'C, wherein the sur- 
face of the resin sheet is embossed to have a center line 
average roughness Ra of from 0.05 to 2.0 jim and a 
number of peaks Pc of from 5 to 500 peaks/8 mm. 
[0011] In many of the references discussed above, a 
separate adhesive layer is necessary for adhesion of the 
interlayerto the glass substrates. Often this layer must 
be specially made or treated to reduce its flammability 
in fire resistant glazing. It is the object of this invention 
to show that a combination of surface patterning (either 
raised line or random matte pattern) and a C-Treatment 
of afluoropolymer resin layer or layers in an organic gas 
environment, will serve to significantly improve the ad- 
hesion of the fluoropolymer resin layer or layers to high 
modulus layers without the need for priming of their sur- 
face or addition of a flammable adhesive layer. 

Summary of the Invention 

[0012] Disclosed is a fire-protection and safety glaz- 
ing laminate having a haze value less than 4 percent 
comprising 

(A) a plurality of high modulus layers laminated with 

(B) at least one fluoropolymer resin layer 

wherein (B) resides between (A), 

wherein the high modulus layers comprise glass, 
polycaibonate or polyurethane, 

wherein the fluoropolymer resin layer has a matte 
finish surface, an embossed finish surface or a combi- 
nation thereof, 

wherein the fluoropolymer resin layer is exposed 
to a corona treatment in an organic gas atmosphere and 

wherein the high modulus layers are adhered to 
the fluoropolymer resin layer through a pressure and 
heat lamination. 



Brief Description of the Drawings 

[0013] F I G . 1 is a cross-section al view of 0 ne emb od - 
iment of the invention; FIG. 2 is a cross-sectional view 
5 of an alternative embodiment of the invention; and FIG. 
3 is a cross-sectional view of an additional alternative 
embodiment of the invention. 

Detailed Description of the Invention 

10 

[0014] It is the object of this invention to show that a 
combination of surface patterning (either raised line or 
random matte pattern) arid a C-treatment in an organic 
gas atmosphere of a fluoropolymer resin layer or layers, 
'5 will serve to improve the adhesion of the fluoropolymer 
resin layer or layers to high modulus layers without the 
need for any preliminary priming. 

(A) The High iWodulus Layws 

20 

[0015] Serving as high modulus layers are materials 
aial comprise glass, polycarbonate or polyurethane, as 
well as combinations of at least two different layers. By 
the term "high modulus" it is meant the glass, polycar- 
25 borate or polyurethane layers have a flexibility that is 
nonnally measured by their modulus value, that is, the 
load in pounds per square inch of initial cross-sectional 
area necessary to cause (A) to give, stretch, bend or 
deform after (A) has fully cured. That Is, "high modulus" 
30 is a term th at describes the physical ch aracteristic of (A) 
after it has cured. The tenn modulus applies to solids. 
The high modulus layers (A) of this invention have a 
modulus, which is, In general, in the range of at least 1 
X IQS pounds per square inch to 2 x 10^ pounds per 
35 square inch. 

[0016] Referring now to the drawings, wherein the 
showings are for purposes of illustrating the preferred 
and alternate embodiments of the invention only and not 
forpurposes of limiting the same, FIG. 1 shows the pro- 
40 tcctive glazing laminate of the present invention wherein 
a fluorapolymer resin layer 10, which is component (B), 
resides between two high modulus layers 20, which is 
component (A). This laminate, denoted as an A-B-A 
structure, is typical of a configuration in which the lam- 
45 inate possesses (n) (A) layers and (n-1) (B) layers. FIG. 
2 shows the protective glazing laminate of the present 
invention wherein two layers of the fluoropolymer resin 
layer 1 0 , component (B) , are adjacent to each other and 
the two layers of the fluoropolymer resin layer 10 reside 
so between two high modulus layers 20, component (A). 
This laminate, denoted as an A-B-B-A structure, is typ- 
ical of a configuration in which the laminate possesses 
(n) (A) layers and (n) (B) layers. FIG. 3 shows two layers 
of the fluoropolymer resin layer 1 0, component (B), not 
ss adjacent to each other and that.each layer 10 resides 
between two high modulus layers 20, component (A). 
This laminate, denoted as an A-B-A-B-A stnjcture, is 
typical of a configuration in which the laminate possess- 
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es (n) (A) layers and (n-1) (B) layers. 
[0017] When mineral glass Is the high modulus layer, 
the glass is a silicate glass and is formed by the float 
glass method, which Is the only industrial method in use 
today. In this method, the molten glass is poured from a 
discharge or transfer unit of a melting furnace so that it 
can fall freely onto a molten metal bath which to date 
has always been tin since it is necessary for the bath to 
be molten throughout a temperature range of 1000°^ 
to 2000°^ as well as having a specific gravity that is 
greater than glass and, to date, tin Is the only material 
that satisfies such requirements. The molten glass then 
spreads out backwards as well as laterally and forwards, 
the backward stream returning subsequently on the 
sides. Ttiis process has the advantage of systematically 
eliminating the glass that may have become contami- 
nated by contact with the discharge or transfer unit 
which is made of refractory material. By this process, 
the smoothness of the product is remarkably improved 
as compared with the previous roll out process or the 
tike, whereby a polishing step which used to be required, 
is no longer necessary. 

[0018] Polycarbonates for use as high modulus or- 
ganic glass layers are high molecular weight, thermo- 
plastic, aromatic polymers and include homopolycar- 
bonates, copolycarbonates and copolyestercarbonates 
and mixtures thereof which have average molecular 
weights of about 8,000 to more than 200,000, preferably 
of about 20,000 to 80,000 and an intrinsic viscosity of 
0.40 to 1 ,0 di/g as measured in methylene chloride at 
ZS'C. In one embodiment, the polycarbonates are de- 
rived from dihydric phenols and carbonate precursors 
and generally contain recurring structural units of the 
formula: 



-0-Y-0~C- 

where Y is a divalent aromatic radical of the dihydric 
phenol employed in the polycarbonate producing reac- 
tion. 

[0019] Suitable dihydric phenols for producing poly- 
carbonates Include the dihydric phenols such as, for ex- 
ample, 2,2-bis(4-hydroxyphenyi)propane, bis(4-hydrox- 
ypheny[)methane, 2,2-bis(4-hydrDxy-3-methylphenyl) 
propane, 4,4-b!s(4-hydroxyphenyl)heptane, 2,2-(3,5,3', 
.5'-tetrachloro-4,4'-dihydroxyphenyl)propane, 
2,2-(3,5,3',5'-tetrabromo-4,4")propane, and 3,3'-di-chlo- 
ro-4.4-dihydroxydiphenyl)methane. Other dihydric phe- 
nols which are also suitable for use in the preparation 
of the above polycarbonates are disclosed in U. S. Pat. 
Nos. 2,999.835; 3,038,365; 3,334,154; and 4,131,575, 
incorporated herein by reference. 
[0020] It is of course possible to employ two or more 
different dihydric phenols or a copolymer of a dihydric 
phenol with a glycol or with a hydroxy- or acid- tenninat- 
ed polyester, or with a dibasic acid in the event a car- 



bonate copolymer or interpolymer rather than a 
homopolymer is desired for use in the preparation of the 
articles of the invention. Blends of any of the above ma- 
terials can also be employed to provide the aromatic 
s polycaibonate. In addition, branched polycarbonates 
such as are described in U. S. Pat. No. 4,001 ,184, can 
also be utilized in the practice of Vnis invention, as can 
blends of a linear polycariaonate and a branched poly- 
carbonate. 

10 [0021] The carijonate precursor employed can be ei- 
ther a carbonyl hallde, a carisonate ester or a halofor- 
mate. The carbonyl halides which can be employed are 
carbonyl bromide, cari^onyl chloride and mixtures there- 
of. Typical of the cartDonate esters which can be em- 

rs ployed are dtphenyi carbonate, a di{halophGnyl)cariDon- 
ate such as di(chlorophenyl)carbonate, dl(bromophe- 
nyl)carbonate, di(trichlorophenyl)cariDonate, di(tri- 
bromophenyl)carbonate, etc, di(alkylphenyl)carbonate 
such as di(tolyl)carbonate, etc. di(naphthyl)cari3onate, 

20 di(chloronaphthyl)carbonate, etc., or mixtures thereof. 
The suitable halofomiates include bis-halofomnates of 
dihydric phenols (bischlorofonnates of hydroquinone, 
etc.) or glycols (bishalofomnates of ethylene glycol, ne- 
opentyl glycol, polyethylene glycol, etc.). While other 

25 carbonate precursors will occur to those skilled in the 
art, cariDonyl chloride, also known as phosgene, is pre- 
ferred. 

[0022] The polycarbonate may also be a copolyester- 
carbonate as described by Clayton B. Quinnin U. S. Pat. 

30 No. 4,430,484 and the references cited therein, incor- 
porated herein by reference. Preferred polyestercar- 
bonates are those derived from the dihydric phenols and 
carbonate precursors described above and aromatic di- 
carboxyllc acids orthelr relative derlvath/es, such as the 

35 acid dihalides, e.g., dichlorides. A quite useful class of 
aromatic polyestercatbonates are those derived from bi- 
sphenol A; terephthalic acid, isophthalic acid or a mix- 
ture thereof or their respective acid chlorides; and phos- 
gene. If a mixture of terephthalic acid and isophthalic 

40 acid is employed, the weight ratio of terephthalic acid to 
isophthalic acid may be from about 5:95 to about 95-.6. 
Another polycarbonate whkJh may be used has from 
about 70 to about 95 weight percent ester content and 
a range of terephthalate groups of from 2 to about 15 

45 weight percent of the total ester content. The remaining 
ester units are isophthalate units. These polycarbonates 
are more commonly known as polyphthalate cartonates 
and are described, for example, by Miller, et. al., U. S. 
Pat. No.. 4,465,820, herein incorporated by reference 

50 in its entirety. 

[0023] The polycarbonates used to form the present 
invention can be manufactured by known processes, 
such as, for example, by reacting a dihydric phenol with 
a cartDonate precursor such as diphenyl cariDonate or 

55 phosgene in accordance with the methods set forth in 
the abovG-ciled literature and U. S. Pat. Nos. 4,018,750 
and 4,123,436, or by transesterification processes such 
as are disclosed in U, S. Pat. No. 3,153,008 as well as 
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other processes known to those skilled in the art. 
[0024] The aromatic polycarbonates are typically pre- 
pared by employing a molecular weight regulator, an ac- 
id acceptor and a catalyst. The molecular weight regu- 
lators which can be employed include phenol, cyclohex- 
anol, methanol, alkylated phenols, such as octylphenol, 
paralertiary-butyl-phenol, etc. Preferably, phenol or an 
alkylated phenol is employed as the molecular weight 
regulator. 

[0025] The acid acceptor can be either an organic or 
an inorganic acid acceptor A suitable organic acid ac- 
ceptor is a tertiary amine and includes such materials 
as pyridine, triethyl amine, dimethylaniline, trib- 
utylamine, etc. The inorganic acid acceptor can be one 
which can be either a hydroxide, a carbonate, a bicar- 
bonate, ora phosphate oran alkali or alkaline earth met- 
al. 

[0026] The catalyst which can be employed are those 
that typically aid the polymerization of the monomer with 
phosgene. Suitable catalysts include tertiary amines 
such as tri ethyl amine, tripropyt amine, N,N-dimethyl- 
aniline; quaternary ammonium bromide, cetyl triethyl 
ammonium bromide, tetra-n-heptyl ammonium iodide, 
tetra-n-propyl ammonium bromide, tetramethyl ammo- 
nium chloride, tetra-methyl ammonium hydroxide, tetra- 
n-butyl ammonium iodide, benzyllrimethyi ammonium 
chloride and quaternary phosphonium compounds such 
as, for example, n-butyltriphenyl phosphonium bromide 
and methyltriphenyl phosphonium bromide. 
[0027] Also included are branched polycarbonates 
wherein a polyfunctional aromatic compound is reacted 
with the monomer and carbonate precursor to provide 
a thermoplastic randomly branched polycarbonate. The 
polyfunctional aromatic compounds contain at least 
three functional groups which are carboxyi, carboxylic 
anhydride, halofomnyl. or mixtures thereof. Illustrative 
polyfunctional aromatic compounds which can be em- 
ployed include trimeilitic anhydride, trimellitic acid, trim- 
ellityl trichloride, 4-chlorofomiyl phthalic anhydride, py- 
romellitic acid, pyromellitic dianhydride, mellitic acid, 
mellitic anhydride, benzophenone-tetracarboxylic anhy- 
dride, and the like. The prefemed patyfunctional aromat- 
ic compounds are trimellitic anhydride and trimeilitic ac- 
id or their acid halide derivatives 
[0028] The polyurethanes as high modulus layers are 
prepared by reacting an organic polyisocyanate and an 
active hydrogen containing material. The materials must 
be substantially anhydrous to prevent loss of clarity due 
to the release of carbon dioxide from the reaction of wa- 
ter with isocyanate groups. 

[0029] The selection of isocyanates and active hydns- 
gen containing materials for preparing the transparent 
thermosetting polyurethane layer is limited by the phys- 
ical properties which the layer must have. 
[0030] It is necessary that the polyurethane layer has 
a Shore D hardness greater than about 70. When the 
polyurethane layer has a Shore D hardness greater than 
about 70, a laminate prepared from the sheet is rigid. 



[0031] Poly isocyanates useful for preparing the poly- 
urethane layer can be monomeric or polymeric, and can 
be aromatic or aliphatic. A blend of polyisocyanates can 
be used. Among the organic polyisocyanates that can 
5 be employed are the various organic compounds con- 
taining two or more isocyanate groups, or mixtures of 
such, including aromatic, aliphatic and cycloaliphaticdi- 
isocyanates and triisocyanates, and combinations 
thereof. Representative compounds include 2,4-toluene 
10 diisooyanate, m-phenyiene diisocyanate, 4-chloro- 
1 ,3-phenylene diisocyanate. 4,4"-diphenylene diisocy- 
anate, 3,3'-dimethyl-4,4'-diphenylene diisocyanate, 
1 ,5-naphthylene diisocyanate, 1 ,4-tetramethylene di- 
isocyanate, 1 ,6-hexamethylene diisocyanate, 1,10- 
15 decamethylene diisocyanate, 1 ,4-cyclohexyl diisocy- 
anate, 4,4'-methylene-bis (cyclohexyl isocyanate), 1 ,5- 
tetrahydronaphthylene diisocyanate, p-xylene diisocy- 
anate, durene diisocyanate.and 1,2,4-ben2enetriisocy- 
anate. The diisocyanates may contain other substitu- 
20 ents which do not react with isocyanate groups. In the 
case of the aromatic compounds, the isocyanate groups 
may be attached either to the same or to different rings. 
Dimers of monomeric diisocyanates, and di(isocyana- 
toaryl) ureas such as di-(3-isocyanato-4-methyl-phenyl) 
25 ureas may be used. 

[0032] Preferably, aliphafic and cycloaliphatic isocy- 
anates are used to combat discoloration in sunlight. The 
preferred cycloaliphatic isocyanate is 4,4'-methiene-bis 
(cyclohexyl isocyanate) which exhibits excellent yellow- 
so ing resistance, and when reacted with polyaikylene 
ether polyols, yields polyurethane layers with a high de- 
gree of clarity, as described below. This material, 4,4'- 
methylene-bls (cyclohexyl isocyanate), is available from 
E. I. du Pont de Nemours and Company of Wilmington, 
35 Delaware, under the tradename "Hylene W" in a formu- 
lation which has an isomeric content of about 50% trans 
isomer and about 50% cis isomer 
[0033] The active hydrogen containing material used 
for preparing the polyurethane layer can be monomeric 
40 or polymeric. 

[0034] The presence or absence of active hydrogen 
atoms is detemiined by the Zerewitinoff test which is de- 
scribed by Kohler in volume 49 of the Journal of the 
American Chemical Society, page 31 81 (1927). Accord- 
45 ing to this test, active hydrogen atoms are generally 
found in monomeric and polymeric materials having one 
or more of the following groups: OH, COOH, NHa, and 
NRH where R Is any organic radical. The preferred ma- 
terials containing an active hydrogen atom are those 
so with an OH group, and especially polyalkytene ether 
polyols, which yield products with good hydrolylic sta- 
bility. The temn "polyaikylene ether polyols" refers to 
compounds which result from the reaction of an alkylene 
oxide and a compound having at least two active hydro- 
ps gen atoms; The polyaikylene ether polyols have a mo- 
lecular weight from about 100 to about 2000, and pref- 
erably from about 300 to about 1500. 
[0035] Only themnosetting cross-linked polyurethane 
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layers have high resistance to chemical attack, high 
toughness and Impact strength; high rigidity, and high 
resistance to the effects of weathering, Including ultra- 
violet light, rain, ice, and sand. Therefore, at least some 
compounds containing at least three acflve hydrogen at- 
oms are reacted with the alkylene oxide to produce a 
thennosetting polyurethane layers. 
[0036] Compounds having at least three active hydro- 
gen atoms which may be employed in the preparation 
of the polyaikylene ether polyols include aliphatic alco- 
hols such as glycerol, trimethylolpropane, pentaeiythri- 
tol, sorbitol and sucrose; organic acids such as aconrtic, 
trimeilitic and hemimellitio; inorganic acids such as the 
phosphoric acids; amines such as ethylene diamine, 
propylene diamine, diethylenetrlamine, and triisopropa- 
nolamlne; phenolic compounds such as pyrogailol, di- 
hydroxybenzoicacld, hydroxyphthallc acids and inositol 
metcaptans such as 1,2,3-propane trithiol and amides 
such as benzene disuifonamide. Mixtures of any of the 
above compounds may aiso be employed. The particu- 
lar compound which is employed is not critical since it 
constitutes only a small proportion of the weight of the 
polyol. All that is important is that the compound have 
at least three active hydrogen atoms. 
[0037] Thepoiyalkyleneetherpolyois are prepared by 
standard art procedures such as catalytic polymeriza- 
tion of the oxide and the compound having at least three 
active hydrogen atoms. An alkaline catalyst such as po- 
tassium hydroxide is often employed in this polymeriza- 
tion, 

[0038] Polyols having four, five and even up to ten hy- 
droxy I groups per molecule are operative. However, as 
the number of hydroxy! groups increases, the rigidity of 
the product increases, which makes it more difficult to 
bend the poiycarbonale/polyurethane laminate. There- 
fore it is preferred that compounds containing no more 
than four groups be used in preparing the polyaikylene 
ether polyols. 

[0039] For improved hydrolytic stability, it is preferred 
that saturated aliphatic polyaikylene. ether polyols can 
be used for preparing the polyurethanes of this inven- 
tion. Thus the prefen-ed alkylene oxides used in prepa- 
ration of the polyaikylene ether polyols include methyl- 
ene oxide, ethylene oxide, propylene oxide, isopropyl- 
ene oxide, and butylene oxide, and the like. 
[0040] The choice of polyaikylene ether polyols af- 
fects the physical properties of the polyurethane layer. 
As the polyol molecular weight decreases, the rigidity of 
the polyurethane layer increases. 
[0041] A blend of polyaikylene ether polyols can b?> 
used in preparing the polyurethane layers. The appro- 
priate molecular weight chosen for each polyol used in 
a blend depends upon molecular weight and functional- 
ity of the other polyols present. As the average, func- 
tionality of the polyols increases, the molecular weight 
also must increase to compensate for the increased ri- 
gidity resulting from the high number of cross links. For 
example, when only a triol is used, satisfactory poly- 



urethane layers are produced with the average molec- 
ular weight of the triol at about 450. When only a tetrol 
Is used, the prefen'ed molecular weight of the tetrol is 
about 600. 

5 [0042] The number of c^on atoms in the alkylene 
oxides used in preparation of the polyaikylene ether 
polyols also affects the physical properties or the poly- 
urethane layers. As the number of carbon atoms in- 
creases, the resulting product becomes more flexible 
10 and less rigid. Therefore, when a polyaikylene ether 
polyol is prepared from alkylene oxides such as penty- 
lene oxide, polyols of higher functionality, or of lower av- 
erage molecular weight, or both, are used to increase 
the rigidity of the polyurethane layers, Therefore the se- 
'5 lection and proportions ofthe polyaikylene ether polyols 
used in preparing the polyurethane layer requires bal- 
ancing the functionality, the molecular weight, and the 
number of carbon atoms in thealkylene oxides used to 
make the polyol. 
20 [0043] Although the polyurethane layers preferably 
are prepared from polyaikylene ether polyols, other ma- 
terials or mixtures of these materials with polyaikylene 
ether polyols may be used. These other materials in- 
clude polyaikylene arylene ether polyols, polyaikylene 
2S ether thioether polyols, polyester polyols, polyaminea, 
polyesters, polyester amides, polyacetals, and the like. 
[0044] The ratio of isocyanates to active hydrogen 
groups is from about 0.95 to about 1,10, and preferably 
about 1.05. An excess of isocyanates is used to form 
30 allophanate bonds, and thereby increase the tensile 
strength of the polyurethane layer. 
[0045] To speed up the reaction ofthe isocyanate with 
the compound having an active hydrogen group; a cat- 
alyst may be used. Suitable urethane fomnlng catalysts 
35 ate those highly specific for the fomiation of poly- 
urethane by reaction of — NCO and — OH groups and 
which have little tendency to accelerate side reactions. 
Catalysts such as stannous salts of organic acids and 
organotin compounds are prefen'ed. Illustrative cata- 
40 lysts includestannous octoate, stannous oleate, dibutyl- 
tin diacetate, and dibutyltin dilaurate, the last name be- 
ing especially preferred. The amount of catalyst to be 
used in a particular system can routinely be determined 
by one skilled in the art. The preferred catalyst, dibutyitin 
45 dilaurate, is usually employed in amounts of about 
0.0005 to about 0.1 part per 100 parts of the polymer 
fonning ingredients. The amount of catalyst needed de- 
pends on the curing temperature. While the stannous 
and organotin catalysts are preferred, other catalysts 
50 can be used. 

[O046] Of the three high modulus layers of glass, poly- 
carbonate and polyurethane, the preferred high modu- 
lus layer is glass. The high modulus layers are from 50, 
preferably from 75 and most preferably from 1 00 to 250 
55 mils thick. 
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(B) The Fluoropolymer Resin Layer 

[0047] Fluoropolymer resin layers having utility as 
Component (B) are derived from resins that comprise 
fiuorinated copolymer of ethylene and propylene (FEP), 
fluorinated copolymer of letrafluoroethylene and per- 
fluoropropylvinyl ether (PFA), copolymer of ethylene 
and tetrafluoroethylene (ETFE), copolymer of ethylene 
an dchlorotrifluoro ethylene (ECTFE), polychlorotrifluoro 
ethylene polymer (PCTFE), polyvinylidine fluoropoly- 
mer (PVDF), terpolymer containing segments of 
tetrafluoroethylene (TFE), hexafiuoropropylene (HFP) 
and vlnylldene fluoride (VDF), as well as blends and al- 
loys thereof, or blends or alloys thereof. The TFE, HFP, 
VDF terpolymers are sold under the designation "THV" 
and are available from Dyneon Corp., Oakdale, MN. The 
ECTFE polymer is available from Ausimont Corporation 
(Italy) under the trade name Haiar.Otherfluoropolymers 
used herein may be obtained from Daikin (Japan), Du- 
Pont (USA) and Hoechst (Germany). A preferred fluor- 
opolymer is THV. 

[0048] In one embodiment, the fluoropolymer resin 
layer comprises at least one of FEP, PFA, ETFE, ECT- 
FE. PCTFE. PVdF, THV, blends and alloys or blends or 
alloys tiiereof In another embodiment, thefluoropolymer 
resin layer comprises at least two of FEP, PFA, ETFE, 
ECTFE. PCTFE. PVdF, THV, blends and alloys or 
blends or alloys thereof. 

[0049] Both sides of the component (B) surface have 
a surface treatment. This surface treatment comprises 
a matte finish, an embossed finish or a combination 
thereof Regardless of the finish, the surface treatment 
Is viewed as many separated projections as crests in 
the same level. 

[0050] The configuration of the projections is not crit- 
ical and is preferably cone, pyramid, diamond or pris- 
matoid (which can have a round top or a flat top). Pref- 
erably the pyramids are trigonal pyramid, tetragonal pyr- 
amid, etc., and cone orflattqa pyramids such as flat top 
trigonal or tetragonal pyramid and flat top cone. The te- 
tragonal pyramid orflat top tetragonal pyramid ie an op- 
timum configuration. 

[0051] The configurations of pyramids on one surface 
are not limited to the same configuration and can be 
mixed different configurations of trigonal pyramid (orflat 
tops pyramid), tetragonal pyramid (or flat top pyramid) 
or cone (or flat top cone). The size of the projections 
having the fomn of the cone, pyramid or flat top cone or 
pyramid is depending upon the usage of the interlayer, 
the temperature and time for bonding, etc. and is pref- 
erably in a range of 10 to 500 jim espedally 15 to 360 
(xm in height. In the case of the tetragonal pyramid or 
the flat top tetragonal pyramid, a width of the bottom is 
preferably in a range of 100 to 850 nm, especially 140 
to 450 urn. A diameter of the bottom of the cone can be 
easily considered from the width of the tetragonal pyra- 
mid. A width of the flat top surface can be selected as 
desired depending upon the condition of the processing. 



[0052] Many projections on the surface of the fluor- 
opolymer resin layer may have a different size but pref- 
erably have the same size. When many projections 
have different size, it is preferable to have similar distri- 
5 bution (at random) of sizes of the projections. The dis- 
tribution of the projections can be regular or irregular 
and is preferably orthogonal matrix (lattice) arrange- 
ment so as to connect roots in a lattice form. A width of 
the root as a gap between bottoms of adjacent projec- 
10 tions is allowed and is preferably smaller than the width 
of the bottom of the projection, especially 1/3 or less of 
the width of the bottom of the projection. In the optimum 
embodiment of the interlayer of the present invention, 
many regular tetragonal pyramid projections or regular 
'5 tetragonal pyramid projections having each flat top are 
fonnedto give orthogonal roots (lattice). 
[0053] The process for producing the fluoropolymer 
resin layer having the novel surface structure is not crit- 
ical and chosen from, but not limited to, techniques 
20 known in the art by professionals including a calender 
roll process, an embossing roll process, a press em- 
bossing process, an irregular extruding process, a pow- 
der blasting process, a chemical etching process, a me- 
chanical etching process, a draw-shaping process. The 
2s fluoropolymer resin layer produced by the calender roll 
process, the embossing roll process, the press emboss- 
ing process or the irregular extruding process is espe- 
cially preferable in view of fabricatability and properties 
of thefluoropolymer resin layer. 
30 [0054] While not washing to be bound by theory, it is 
believed that surface treatment of the fluoropolymer res- 
in layer increases the surface area o1 the layer, With an 
increase in surface area, the layer is then C-treated. Be- 
cause of the increase in surface area, more oxygen rati- 
os icals are generated by C-trealment than othenwise 
would by generated on a layer that Is not surface treated 
(having a smaller surface area). 
[0055] For C-treatment, the surface treated fluoropol- 
ymer resin layers are stripped of any release liner and 
40 then exposed to a corona discharge in an organic gas 
atmosphere, wherein the organic gas atmosphere com- 
prises acteone or an alcohol of four carison atoms or 
less. Acetone is the preferred organic gas. The organic 
gas is admixed with an inert gas and the preferred inert 
''s gas is nitrogen. The acetone/nitrogen atmospherecaus- 
es an increase of adhesion of the fluoropolymer resin 
layer to the high modulus layer. The fluoropolymer resin 
layer is stripped of the release liner and then exposed 
to a corona discharge in an acetone/nitrogen atmos- 
50 phere to increase adhesion of the fluoropolymer resin 
layer to the high modulus layers. 
[0056] All details concerning the corona discharge 
treatment procedure are provided in a series of U. S. 
Patents assigned to E.t. du Pont de Nemours and Com- 
55 pany, USA. An example of the proposed technique may 
be found in U,S. Patent 3,676,181 (Rowalski) The at- 
mosphere for the enclosed treatment equipment is a 
20% acetone (by volume) in nitrogen and is continuous. 
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The constantly fed (B) layer is subjected to between 
0.15 and 2.5 Watt hrs per square foot of the filnn / sheet 
surface. The (B) layers are bi-sidetreatedto increase the 
adhesion. The (B) layers are then placed back on a non- 
siliconized release liner for storage. (B) layers that are 
C-treated last more than 1 year without significant loss 
of surface wettability, cementabilily and adhesion. 
[0057] Extrusion lines for the manufacturing of the 
fluoropolymer resin layer can be equipped with flat ex- 
trusion dies and casting rolls or drums used to take off 
and calibrate thethic)<ness and to cool the fluoropolymer 
layer web. After cooling, the fluoropolymer resin layer 
may be wound into rolls. The thickness and the width of 
this layer will depend on the particular application, and 
can vary in the range from about 125 mem (5 mil) to 
1000 mem {40 mil)forthe thickness. 
[0058] The fluoropolymer resin layer according to the 
present invention can be laminated to mineral and or- 
ganic glasses and polymer substrates using the same 
technologies and conditions being used for convention- 
al PVB safety glass interlayer films. Good quality min- 
eral glass laminates can be manufactured in autoclaves 
at temperatures in the range from 140°C. to 1 70°C. and 
pressure in the range of 12 bar to 23 bar. The most fre- 
quently used autoclave lamination conditions are: tem- 
perature in the range from 150°C. to leS'C. and pres- 
sure In the range from 13 bar to 17 bar. 
[0059] The following describes the preparation of the 
fluoropolymer resin layer (B) using THV as the starting 
resin. The THV pellets are pre-dried at/S-SCC. in a hot 
air, convection oven or a hot air drying unit (Conaire). 
The fluoropolymer resin layer can be extruded by one 
of three different extrusion processes. 
[0060] In extrusion process #1 , the fluoropolymer pel- 
lets are processed into layers using a cast film line con- 
sisting of a single screw extmder made by Extrusion 
Systems Limited (ESL), The screw of the ESL extruder 
has a diameter of 32 mm and a relative screw length of 
24 diameters. The extruder is equipped with a flat ex- 
trusion die manufactured by Extrusion Dies, Inc. (EDI) 
and has an orifice which Is approximately 32 cm (13 
inches) wide. The TH V-220G pellets are extruded to lay- 
ers at 0.6096 nnm (24 mil) thickness. The barrel of the 
single screw film extruder is divided into four heating 
zones, progressively increasing the temperature of the 
polymer material up to the adapter, filter, and the flat die. 
When extmding the THV-220G pellets to layers, the bar- 
rel temperature Is maintained in each of the zones 1-4 
in the range 1 00-11 0°C., 140-155''C., 165-180OC. and 
1 80-1 QO^C respectively. The temperature of the adapter 
is maintained approximately at 1 90-1 95°C. The temper- 
ature of the die Is maintained approximately at 
190-200°C. in the middle sections, at 190-200°C. at 
both edges of the die, and at 195-205''C at the lips of 
the die. 

[0061] In extrusion process #2, the polymer pellets 
are processed into layers using a cast film line based 
on a single screw extruder made by Egan-Davis-Stand- 



ard, a Crompton Corporation. The screw of the Egan- 
Davis-Standard extruder has a diameter of 51 mm and 
a relative screw length of 24 diameters. The extmder is 
equipped with a flat extrusion die having an orifice which 
5 is approximately 140 am (55 Inches) wide. The THV- 
220G pellets are extruded to layers at 0.6096 mm (24 
mil) thickness. The barrel of the single screw film extmd- 
er is divided into four heating zones, progressively in- 
creasing the temperature of the polymer material up to 
10 the adapter, filter, and the flat die. The barrel tempera- 
ture is m€untained in each of the zones 1 -4 in the range 
110-125°C.. 155-17000., 180-200-C. and 1 90-21 0'C. 
respectively. The temperature of the adapter Is main- 
tained approximately at 195-205°C. The temperature of 
IS the die is maintained approximately at 1 90-200°C. in the 
middle sections, at 1 95-205''C. at both edges of the die, 
and at 1 95-200''C. at the lips of the die. 
[0062] In extrusion process#3, the fluoropolymer pel- 
lets are processed into layers using a cast film line 
based on a single screw extruder made by Egan-Davis- 
Standard. The screw of the Egan-Davis-Standard ex- 
truder has a diameter of 50.8 mm and a relative screw 
length of 24 diameters. The extruder is equipped with a 
flat extaision die having an orifice which is approximate- 
ly 81 .2 cm (32 inches) wide (EDI Corp.). The THV-220G 
pellets are extruded to layers at 0.6096 mm (24 mil) 
thickness. The ban-ei of the single screw film extmder is 
divided into four heating zones, progressively increas- 
ing the temperature of the polymer material up to the 
adapter, filter, and the flat die. The barrel temperature 
is maintained In each of the zones 1^ in the range 
198-200°C., 225-227''C„ 226-228°C. and 228-230°C. 
respectively. The temperature of the adapter is main- 
tained approximately at 232°C. The temperature of the 
die is maintained approximately at 21 8°C. in the middle 
sections, at 229''C. at both edges of the die, and at 
241''C. at the lips of the die. 

[0063] The temperatures are varied in each zone in a 
relatively narrow range according to the melt flow rate 
of the resin used. The speed of the screw is maintained 
at approximately 25.0 rpm for all (B) layers. (B) layers 
by Extrusion process #1 and #2 are extruded, and 
cooled using a 3 roll casting roll stock and is wound onto 
7.6 cm cores. Films by extrusion process #3 are extmd- 
ed and cooled using a single casting dmm and wound 
onto 15.2 cm cores. 

[0064] The (B) layers are embossed by passing the 
layers through an Infrared oven, 36 inches long and 
equipped with 18 bulbs (Philips). The layers reside for 
approximately 8.6 seconds in the oven. The embossing 
pattern is imparted onto the softened layer by compres- 
sion between a patterned steel roll and a rubber nip roll. 
The layer is placed on a non-siliconized release liner 
and collected onto a roll for further treatment. 
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Lamination of the Fluoropolymer Resin Layer Between 
Glass Panes or Sheets 

[0065] A number of glass laminate samples are pre- 
pared as described in the following examples. All sam- 
ples are produced using clear soda-Iime-silicate glass 
sheets of 3 mm thickness and dimensions of 7.5 x 7.5 
cm which are preliminarily cleaned using isopropyl al- 
cohol to remove dust, grease and other contaminates 
from the glass surface. 

[0O66] For lamination, a piece of (B) layer is cut to ob- 
tain a sample that is 7.5 x 7.5 cm. This layer sample is 
placed between two cleaned glass plates and then the 
entire sandwich is placed In a standard hot air Auto- 
clave, manufactured by United McGill Corporation. (Co- 
lumbus, Ohio), equipped with a tennperature-pressure- 
time control system monitored by a microprocessor. A 
program of heat (up to 1 40 °C.) and pressure (up to 1 3 
bar) is used to simulated autoclave conditions typical of 
optical laminate manufacture in the Industry. The heat- 
ing melts the (B) layer surfaces during the lamination 
process, helping to adhere the polymer layerto the glass 
substrate. 

Testing of Laminates 

[0067] The testing of laminates follows typical testing 
procedures as found in ANSI/SAE Z26.1; ANSI Z97.1 
United Nations Agreement E/ECE/324, Addendum 42, 
Regulation 43; and other protocols used in evaluation 
of Architectural and Automotive safety glass. 

Boiling Test 

[0068] Laminated samples are vertically immersed in 
Room Temperature water (approx. 25°C) for 3 to 5 min- 
utes. The samples are then verticaily immersed in boil- 
ing water (100°C) for two (2) hours. The samples are 
then removed, cooled and Inspected for any delamina- 
tion or bubbling of the film from the high modulus layer 
(glass). 

Pummel Test 

[0069] Laminated samples are refrigerated for about 
2-8 hours at a temperature of approximately -IB'C. 
±5C°. After refrigeration, the samples were removed 
and immediately placed on a flat surface and tilted at an 
angle of approximately 45°. The tilted samples are re- 
peatedly strucl< with a flat faced hammer until the silicate 
glass layer (high modulus) was pulverized. The adhe- 
sion is judged according to a 0-1 0 scale, where Pummel 
Va/oe 0=100% of the film surface ej^osed to the air and 
Pummel Value 10=0% of the film surface exposed to air. 



pyl alcohol and placed in a Hazemeter (6YK Gardner) 
and analyzed for haze, transparency and clarity. 

Example 1 

5 

[0071] This is a comparative example in that the fluor- 
opolymer resin layer is not surface treated. 
[0072] Pure THV-220G is extruded to layers using ex- 
trusion procedure #1 at 24 mil thickness. The roll of the 

10 (B) layer is then C-treated using the aforementioned 
process and stored with a release liner After storage, 
the treated layer is found to be quite tacky and handling 
proved quite difficult due to excessive film blocking. The 
(B) layer is laminated to the glass substrates using the 

'5 aforementioned techniques. 

[0073] Optical measurements of the laminate showed 
a haze value of <2.0%. Boiling tests of the laminate 
caused bubbles to form in tiie film and edge delamina- 
tion to occur over time. 

20 

Example 2 

[0074] THV-220G is extruded to layers using process 
#1 at 24 mil thickness. The layers are embossed in a 

25 secondary procedure, using a ribbed line pattern (150 
lines per inch, 0.002" in depth), where the embossing 
roll is at a temperature of 232<'F. The layer is collected 
on a non-siliconized release liner to inhibit blocking and 
stored. Priorto C-treatment, the release liner is stripped, 

30 and both sides of the layer are exposed to the afore- 
mentioned C-treatment conditions. The release liner is 
re-£q3plied and the layer is laminated to the glass sub- 
strate. The (B) layer is less taclcy and more handieabie, 
than the non-embossed (B) layer of comparative Exam- 

35 pie 1 , but still blocked to itself if placed in contact. Optical 
analysis of the laminates showed a haze <2.0%. Over 
time, however, optical defects in the form: of haze tines 
(2.5-3.0%) developed. Boiling tests did not show evi- 
dence of bubble formation or edge delamination. 

40 

Example 3 

[0075] TH\/-220G is extruded to layers using process 
#3 at 24 mil thickness onto a matte casting roll (720 RA). 
45 The layer is collected on a non-siliconized release liner 
to inhibit blocking and stored. Prior to C-treatment, the 
release liner is stripped, and both sides of the layer are 
exposed to the aforementioned C-treatment conditions. 
The release liner is re-applied and the (B) layer is lam- 
so inated to the glass substrate. The (B) layer is not tacky 
and proved to be easily handieabie. Optical analysis of 
the laminates showed haze of 3.0 - 3.5%. In addition, 
boiling tests carried out on the laminates caused bubble 
formation between film and glass and edge delamina- 
tion. 



[0070] Laminated samples are cleaned using isopro- 
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Example 4 

[0076] TH V-220G is extruded to layers using process 
#3 at 24 mil thickness onto a matte casting roll (720 RA). 
The layers are then embossed in a secondary proce- 
dure, using a ribbed line pattern (150 lines per inch, 
0.002" in depth), where the embossing roll is 232° F. The 
combined matted/lined layer is collected on a non-sili- 
conized release linerto inhibit blocking and stored. Prior 
to C-treatment, the release liner is stripped, and both 
sides of the layers are exposed to the aforementioned 
C-treatment conditions. TTie release liner is re-applied 
and the layer is laminated to the glass substrate. The 
layer is quite handleable due to the matte surface. Op- 
tical analysis of the laminates showed the typical results 
of a Line pattern, low haze of <2.0% and an optical dis- 
tortion line pattern which developed over time. Boiling 
tests of the laminates did not show evidence of bubbles 
or edge delamination developing over time. 

Example 5 

[0077J THV-220G is extruded to layers using process 
#1 at 24 mil thicltness. The layers are embossed in a 
secondary procedure, using an embossing roll having a 
"tank dull matte finish" over a ribbed line pattem (ISO 
lines per inch, 0.002" in depth), where the embossing 
roil is 232''F, The embossing roll is obtained from Inter- 
national Engraving Company, Clifton NJ. The layer is 
collected on a non-siliconized release liner to inhibit 
blocking and stored. Prior to C-treatment, the release 
liner is stripped, and both sides of the layers are ex- 
posed to the aforementioned C-treatment conditions. 
The release liner is re-applied and the layer is laminated 
to the glass substrate. The (B) layer did not block to itself 
and proved to be very handleable. Opticaf analysis of 
the laminates showed a haze <2.0% with no evident op- 
tical distortion, bubbling or edge delamination overtime. 



Claims 

1. Afire-protection and safety glazing laminate having 
a haze value less than 4 percent comprising 

(A) a plurality of high modulus layers laminated 
with 

(B) at least one fiuoropolymer resin layer 

wherein (B) resides between (A), 

wherein the high modulus layers comprise 
glass, polycarbonate orpoiyurethane, 

wherein the fiuoropolymer resin layer has a 
matte finish surface, an embossed finish surface or 
a combination thereof 

wherein the ftuoropolymer resin layer is ex- 
posed to a corona treatment in an organic gas at- 
mosphere, and 



1B 

wherein the high modulus layers are adhered 
to the fiuoropolymer resin layer through a pressure 
and heat lamination. 

s 2. The laminate of claim 1 wherein the high modulus 
layer is glass. 

3. The laminate of claim 1 wherein the fiuoropolymer 
resin layer comprises at least one of FEP, PFA, 

10 FIFE, ECTFE, PCTFE, PVdF, THV, blends and al- 
loys or blends or alloys. 

4. The laminate of claim 1 wherein the fiuoropolymer 
resin layer comprises at least two of FEP; PFA, ET- 

is FE, ECTFE. PCTFE, PVdF, THV; blends and alloys 
or blends or alloys. 

5. The laminate of claim 3 wherein the fiuoropolymer 
resin layer comprises THV. 

20 

6. The laminate of claim 1 wherein both sides of the 
fiuoropolymer resin layer comprise a combination 
of a matte finish surface and an embossed finish 
surface, 

25 

7. The laminate of claim 1 wherein the organic gas at- 
mosphere comprises acetone or an alcohol of four 
carbon atoms or less in nitrogen. 

30 8. The laminate of claim 1 wherein the fiuoropolymer 
resin layer is from 5 to 150 mils thick. 

9. The laminate of claim 1 wherei n present are two lay- 
ers of (A) and one layer of (B) and wherein the (B) 
layer resides between the (A) layer. 1 0, The lami- 
nate of claim 1 wherein present are three layers of 
(A) and two layers of(B) and wherein each (B) layer 
resides between hvo (A) layers. 11 . The laminate of 
claim 1 wherein present are two layers of (A) and 
two layers of(B) and wherein both (B) layers are ad- 
jacent to each other and reside between the (A) lay- 
ers. 
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